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INTRODUCTION 
Thoush many microbial interactions in the soil can be thought of 
simply as a competition among populations in the struggle for nutrients 
and other common needs, there exists a much more complex relationship 
vherein the environment itself becomes as significant a factor as the 
relationships betv7een the individual organisms. Thus, if the environ¬ 
ment changes, the relationships among the microorganisms change and 
that species predominates vhich is better able to adapt to the new 
environment. From this it follows that man may be able to adjust 
environmental conditions in such a way as to favor selected microorgan¬ 
isms which might in turn inhibit other organisms which are plant patho¬ 
gens . 
The methods which have been classically eiiiployed are those of 
liming, crop rotation, and soil amendments such as the incorporation of 
organic residues. Club root of cabbages, for example, vjhich is caused 
by the microorganism Plasmodiophora brassacae is highly sensitive to 
alkaline soils. Thus, simply by liming, crops of cabbages may be saved 
without extensive use of pesticides. The most successful means of 
environmental control remains the crop rotation- Here the host plant 
is simply eliminated for a season or more, the reservoir of the plant 
pathogen is greatly diminished, and the crop which now arises is subject 
to the attack of a highly reduced population of pathogens. 
This thesis describes an attempt to achieve the direct modification 
of the soil microflora by the employment of an organophosphate insecti¬ 
cide, Diazinon, shown to favor the growth of a large non-pathogenic 
2 
microfloral population. In this light both the effect of the compound 
on the soil tnicroflora and, in turn, the dissimilation of the compound 
by these organisms were investigated. 
» * * .4 
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LITE^RATURE PvEVlEW 
Sanford (1926) was among the first to report what may be termed as 
an instance of biological control. He noted that the success of green 
manuring in the contest to control potato scab was due to certain 
saprophytic bacteria which multiplied in the organic material. From 
this he postulated that the newly stimulated group outstripped the patho¬ 
gen in competition for nutrients and oxygen and by their excretions 
depressed further the pathogen’s activity and multiplication. Millard 
and Taylor (1927) confirmed these postulates by reporting control of 
scab in potatoes grown in sterilized soil and innoculated simultaneously 
with Streptomyces scabies and Streptomyces praecox a saprophytic species. 
Henry (1932) demonstrated the influence of soil temperature upon certain 
plant diseases which prompted interactions between the pathogen and 
other microorganisms. 
Much vx)rk has been done in the ecology of Fusarium disease. It has 
been known for some years that certain soils inhibit the infectivity of 
this pathogen. Tne many investigations which have been conducted to 
define this inhibitory quality have led to the concept that the soil’s 
innate resistance to disease lies in two features; 1) its general com¬ 
position and texture, and 2) the microflora that it contains. Lingappa 
and Lockvood (1961) reported that many soils contain organisms which 
produce toxic substances inhibitory to fungi on agar plates. Though 
unequivocal proof that the same substances are produced in the soil 
docs not as yet exist, it is reasonable to assume that these microbes 
contribute to the soil’s resistance to domination by pathogenic 
organisms. 
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The soil itself, therefore, harbors its oun biological exclusion 
nicchanistr.s, and the possibility arises that if a neans may be found to 
enhance the growth of nicrofloral populations inimical to the patho¬ 
genic forms, these may be led ultimately to completely dominate the 
ecosystem and so to exclude their pathogenic neighbors. One possibility 
that arises is to employ soil ammendments which will favor flora 
antagonistic to a particular pathogen. Mitchell and Alexander (1961) 
added substantial amounts of chitin in the form of lobster shell to 
soil samples and then tested for the suppression of Fusarium solan! _f. 
phaseoli, the cause of root rot in beans. They observed that with 
applications of 250 to 500 pounds per acre there was significant control 
of the plant pathogen. With the addition of large amounts of chitin, 
3,000 pounds per acre, the suppression was, hoxcever, completely 
reversed. The same treatment applied to the control of Pythium debaryanum 
and A^robacterium tumefaciens achieved no suppression whatever. The 
reason for the lack of suppression in the latter instance was thought 
to be the absence of chitin in the mycelia of these two molds, a compound 
present in Fusarium. Thus, the authors felt that the newly stimulated 
suppressing microflora was active by vnay of a chitinase, V7hich attacked 
the chitin moiety of Fusarium and ultimately the fungal cell walls. 
It is of interest that the major group of microorganisms stimu¬ 
lated by the chitin ammendment was the actinomycetes. Tnis would 
suggest that this group was the one mainly associated with the suppres¬ 
sion of Fusarium. The possibility of further enrichment among the 
actinomycetes for those organisms specifically responsible for the 
inhibitory effect was pursued by Porter and Wilhelm (1961). These 
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workers were initially interested in determining v.liether soil enrich¬ 
ments vx3uld have any effect on Streptomycete numbers and, if so, which 
additives would be most stirnulating. Hundreds of different organic 
compounds, such as peanut meal and salmon viscera, were added to soil 
cultures. It was shovm that most additives, particularly those of 
complex nitrogenous structure, produced large increases in the numbers 
of Strentomyces and shifts in the predominant types. A comparison of 
the amended plates vnth the controls, showed less variety on the amended 
plates, indicating that nutritional additives favored specific 
Streptomyces strains. 
A striking instance of biological control was reported some years 
ago in the Salinas Valley of California. Land in the valley, when first 
used for bean production, was found to produce as high as three to four 
thousand pounds per acre; with repeated crops of beans, yields 
decreased to less than two thousand pounds per acre. It was noticed, 
however, that neighboring fields, which had been alternately planted 
with barley, continued to produce 4,000 lbs. per acre. Upon investiga¬ 
tion, Snyder and Schroth (1959) discovered that if amendments which 
had high C:N ratios were added to the soil, there was a suppression of 
Fusarium solani _f. phaseoli with an increase in bean production. 
Amendments with high ratios, such as straw, corn stover, and pine 
shavings, all gave good control, v;hereas alfalfa and soybean residues, 
which have low ratios were found to increase the severity of the root 
rot. The authors deduced from this data that organic amendments rich 
in carbon and low in nitrogen stimulated the grovjth of many micro¬ 
organisms with the imri'tobilization of soluble nitrogen and the consequent 
6 
inhibition of Fusariun* Similar results were found by Finstein and 
Alexander (1962), Xvho reported that xclth the addition of a readily 
available carbon source to a soil sample containing bacteria and 
Fusarium, the bacteria will more quickly assimilate the carbon and 
consequently outstrip the Fusarium in competition for the available 
nitrogen- This suppression could be completely reversed when an ample 
nitrogen source was added to the soil. 
In the same light as the foregoing. Gunner and Vblker (1965), and 
Gunner £l (1966) noted that \dien the organophosphate insecticide, 
Diazinon, was directly applied to the soil or to bean plants, a marked 
change took place both in numbers and kinds of organisms. Initially, 
a coccoidal rod was found to be the predominant population present. 
After the elapse of six months, a species of Streptomyces became the 
climax group. The successive enhancement of these forms in the presence 
of Diazinon suggested that an ecological system may have been put into 
operation which could be further magnified to restrict other populations, 
particularly soil-bome pathogens. It was this concept that served as 
the central hypothesis of this thesis. 
The specific mechanism whereby Diazinon exercises its selective • 
effect has yet to be elucidated. Sideropoulous and his colleagues (1963) 
reported that the addition of 5 to 25 pounds of Diazinon per acre pro¬ 
duced no stimulatory or inhibitory effects on fungal or streptomyces 
counts, but that there was an increase in bacterial counts. Carbon 
dioxide evolution was also studied and found to be directly proportional 
to the amount of insecticide used. This indicated that Diazinon seized 
as an energy source; no products of oxidation other than carbon dioxide 
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were identified. Gunner (1966) reported that Diazinon could be used as 
a carbon sulfur and phosphate source for an Arthrobacter which arose as 
the predominant microfloral form in response to the presence of Diazinon. 
It appeared that the biodegradability of Diazinon was dependent upon its 
being solublized in a suitable carrier such as ethanol. A recent publi¬ 
cation, Gunner e_t a_l (1967), described the degradation of the ring 
moiety Diazinon as the result of the synergestic action of the 
Arthrobacter and Streptomyces, an effect neither could achieve by 
itself. 
In marked contrast to the limited research reported on the micro¬ 
bial degradation of Diazinon is the investigations of its chemical 
breakdo^^n. Margot and his associates (1957) reported that when Diazinon 
was stored for long periods of time a chemical deterioration occurred. 
Under these conditions the Diazinon showed a marked increase in mammalian 
toxicity, which was not related to any of the by-products isolated 
during its synthesis. Air, light, and water were found to be the 
catalyzing factors for the deterioration, which could be stopped by 
simply storing the Diazinon in solid carriers devoid of water. When 
the Diazinon was artificially aged, it was possible to isolate products 
such as 2- isopropyi-4-methyl-6-ethoxypriraidine and bi's (2 isopropyl -4- 
methyl- pyriraidyl-6) sulfide from one portion of the molecule while the 
other moiety was forming raonotetra- ethylpyrophosphate (monothiono - 
TEPP) \chich was, in fact, responsible for the increase toxicity. 
Plant systems have also been tested for their ability to metabolize 
certain pesticides. Ralls and his colleagues (1966) have sprayed 
different crops with radioactive Diazinon and then tested for labelled 
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carbon dioxide and breakdox.Ti products. They discovered that the atjnos- 
phere surroundinc the plants did, in fact, contain a significant amount 
of radioactive carbon dioxide indicating that the plants v/crc able to 
metabolize the Diazinon- They further analyzed plant extracts and were 
able to isolate and purify to constant specific activity 2 - isopropyl 
-4 inethylpriinidine -6-ol, thus establishing it as a metabolite of 
Diazinon degradation. 
I. THE INFLUENCE OF DIAZINON ON THE SOIL MICROFLORA 
Materials and Methods 
A. Soi 1 SaTHples 
The soils used in the following experiments were obtained from 
/ 
the University Greenhouse and were a mixture of three parts soil, one 
part sand and one part peat moss. 
Tne soil was divided into 1000 gram aliquots and added to 
plastic flower pots. Three grams of Diazinon were mixed into an aqueous 
slurry vath 150 ml of distilled water. Tw^ such slurries were applied 
to txx} separate pots in such a viay as to ensure even'distribution of 
the chemical throughout the soil. Duplicate untreated pots were main¬ 
tained as controls. At weekly intervals for seven weeks thereafter 
soil samples were taken and dilution plates made to assess changes 
occurring in the raicroflora populations. After each soil sample was 
taken the pots were watered xjith 150 ml of water in order to maintain 
optimum moisture. 
B. Plating techniques 
Ten g samples of sifted soil were added to 95 ml of sterile 
distilled water and then shaken vigorously for 30 to 40 seconds. From 
this first dilution, 5 ml of the soil suspension was transferred by 
sterile pipette to 45 ml of s'terile water and shaken as previously 
stated. This was repeated until dilutions of 10 ^ and 10 ^ were 
reached- From each of these last t\;o dilutions 1.0 ml was added to 
each of 3 sterile petri plates. Fifteen to 20 ml of grox'jth median was 
added to each plate, following \rfiich each was lightly rotated to achieve 
an even distribution of the organisms throughout the medium. 
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C. Media 
The media used were varied in order to avoid the possibility 
of obscuring any population changes due to the selectivity for certain 
groups of organisms by the nature of the medium itself. Media specific 
for bacteria, fungi and actinomycetes, respectively, were used; these 
were, respectively, agar, glycerol, soil extract and peptone-glucose 
* 
agar. 
D. Counting procedures 
All dilutions employed were plated in duplicate. The plates 
used for determining the number of organisms per gram of soil contained 
30-300 colonies per plate and were counted five days after inoculation. 
This allowed sufficient time for the slower grox^ng actinomycetes to 
emerge, but was not time enough for the faster growling fungi to overrun 
the plates. Colonies were identified as bacteria, actinomycetes or 
fungi on the basis of their appearance on the agar, and by further micro' 
scopical examination- 
Results 
A. From the results in Table I, it is evident that Diazinon 
exerted a toxic effect vjhich was directly proportional to its concen¬ 
tration. The most susceptable organisms appeared to be the fungi and 
the actinomycetes. Their numbers V7ere reduced a thousand fold by the 
addition of 3% Diazinon to the media. Bacterial numbers also decreased, 
but in a less drastic fashion. 
See Appendix A. 
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Tabic I 
Toxicity of Diaiiinon to the Soil Microflora 
in Dilution Flatce 
Nutnberu of Organlsma 
at Various Concentrations of Dla?:lnon 
Media Organ!am Control 0.17. 1.07. 3.07. 
Soil 
extract Bacteria AOxlO^ 4x10^ 5x10* 20x10^"^ 
Peptonc- 
gluconc Fungi lAxlO^* 34x10^ 8x10^ 13x10^ 
Glycerol 
Actino- 
mycetes 24x10^ 7x10* 3x10^ 15x10^ 
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B. In Figures (1-4) arc presented the changes in population 
equilibria induced by the application of Diazinon. A number of general 
effects emerged. These vere: 1) a population surge in total numbers 
which, in fact, was a reflection of the specific increase of a slime- 
producing bacterium later found to be a member of the genus Pseudomonas. 
These organisms dominated the population pattern and reached a maximum 
four weeks after the application of the chemical. At this time they 
declined in numbers and the original population balance appeared to be 
restored. 2) Fungal counts, though somex'jhat depressed, remained / 
generally stable. 3) Actinornycetes reflected the most drastic restric¬ 
tion in numbers. They fell from initial counts of 18% of the total 
population of an untreated soil to less than .5% in Diazinon treated 
soil after seven weeks, the termination time of the experiment. 
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Figure 1 
Changes in. Total Numbers of Microorganisms 
in Soil Treated with 3000 ppm of Diazinon 
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Figure ? 
Change in Percentage Bacteria of Total 
Population in Soil Treated v»i th Diazinon 
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Figure 3 
Change in Percentage Actinomycetes of 
Total Population in Soil Treated with Diazinon 
Days 50 
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Figure 4 
Change in Percentage of Fungi of Total 
Population in Soil Treated with Diazinon 
o 
17 
Figura 5. Selective effect of Siazinon in the establishment of a 
predominant polysaccharide-producing bacterium. Similarly an actino- 
mycete population resulting from the addition to soil of chitinaceous 
material. 
Figure 6. Typical Pseudomonas rods \jith food storage granules, 
stimulated by Diazinon application. 
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II. STUDIES ON DIAZINON INHIBITION OF FUNGI 
Materials and Methods 
A nuniber of experiments vere designed to investigate in detail the 
restriction of certain fungi by Biazinon previously observed. Tvo 
points of departure were followed. In one, Diazinon was tested for 
direct fungicidal or fungistatic effect; in the other an attempt was 
made to determine whether the Diazinon effect was achieved by the 
sticoilus of selected populations which, in turn, suppressed or restricted 
fungal growth. 
A. Soil Saa:ples and Inoculation Techniques 
Tnirty g samples of the soil previously described vere placed 
into petri dishes, and were sterilized by autoclaving for 30 minutes at 
125^ C at 15 lbs. pressure. After being autoclaved, replicate plates 
were amended with 5.0 ml of a 3% glucose solution in order to ensure 
good mycelial growth. Fungi were added to the plates largely in the 
form of fungal spores, while bacteria, wiien added, \vere pipetted from a 
nutrient broth culture. Inocula were 1-7 days old. The Diazinon was 
added either in an aqueous suspension or in a 50Z ethanol solution 
depending on the treatment. In all cases special care was taken to see 
that the soil was uniformly treated. 
B. Cultures 
The two molds. No. 812 and No. 813, were isolated as the pre¬ 
dominant fungal populations in the untreated soil. The Arthrcbacter 
(D-S2) was isolated by Dr. H. B. Gunner in experiments which showed it 
to be the 'oredominant bacterium in soils treatec with Diazinon. A 
* 
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culture cf Fusertum orcysporum dienthi obtained from Dr. D. 
Bateman, Cornell University, where it vas actively pathogenic to bean 
plants. 
C. Inoculation time and evaluation of inhibition 
Tne petri dishes were allowed to incubate for 7 days at room 
temperature. Inhibition was then assessed on a scale 0-5 in ascending 
order of growth, based on the radius of Mycelium visible. 
Results 
It was 'observed that in the absence of Diazinon (Figure 7) the 
fungi isolates No. 812 and 813 proliferated without restrictions, but 
that with increasing concentrations of Diazinon complete suppressions 
of the 2 molds was obtained. Inhibition of growth occurred at a concen¬ 
tration of 3000 ppm. VTith total suppression at 4500 ppm. In contrast 
to this the application of Diazinon to Fusarium oxyspon-im _f. dianthi 
even at levels as high as 7500 ppm- failed to arrest or in any xmy 
inhibit the growth of this pathogen. Table 2 and Figure 6. From the 
data it is quite clear that though Diazinon exercises an inhibitory 
effect on certain fungi, it exerts no toxic effect on the Fusarium. 
It was noted, however, that when the sterile plates were inoculated 
with Arthrobacter (D-82) and Diazinon together, the growth of the patho¬ 
gen V7as restricted. This inhibition became even more significant when 
the Diazinon was solubilized in ethanol before application. Neither 
the Arthrobacter by itself nor Diazinon, vjhether or not in ethyl 
alcohol x^as able to halt Fusarium* 
20 
Figure 7. Suppression of an indigenous soil mold by Diazinon. 
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Figure 8. Resistance of Fusnrium oxysporum f. dianthe to Diazinon. 
Figure 9. Interaction of Arthrobacter (D-82) and Diazinon in the 
suppression of Fusarium. 
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Table 2 
Differential Suppression of Fungi by Diazinon 
* 
Growth of Fungi at Various 
Concentrations of Diazinon in ppm 
Fungus Control 1500 3000 4500 600 
No. 812 5 5 3 1 0 
No. 313 5 5 4 1 0 
Fusarium 
oxysporium 
Fusarium 
dianthi 5 5 5 5 5 
Rated 0-5 in ascending order of growth. 
Table 3 
Interactions of Diazinon and Arthrobacter (1^82) in 
Suppression of Fu sari urn oxysporium _f. dlanthi 
•k 
Grovth of Fusarium at Various 
Concentrations of Diazinon in ppm 
Treatment Control 1500 3000 4500 6000 7500 
Fusarium alone 5 5 5 5 5 5 
Risarium 6c 
Arthrobacter 5 5 5 4 4 4 
Risari urn 6t 
Arthrobacter & 
Diazinon in 
ethanol 5 5 5 3 3 3 
#v 
P^ted 0-5 in ascending order of growth. 
III. THE APPLICATIOi^I OF DIAZINON AS A PROPHYLACTIC TO 
TUSARjOJM-INFECTED BEAN PLANTS IN THE GPvEENKOUSE 
Materials nnd Methods 
Experiments vere undertaken to determine whether Diazinon might 
i 
exert an effect on the host-parasite relationship betveen Fusarium and 
the bean plant and, secondarily, to assay the effects high concentra¬ 
tions of the chemical might have on the plant, itself. 
A. Seeds 
Bean seeds, obtained through the courtesy of the Feed and 
Fertilizer Lax^s and Laboratory Sciences, University of Massachusetts, 
xjere of the common pole variety, Phaseoli vulgaris. "When tested for 
germination in a moistened petri dish, 94% of the seeds appeared viable. 
B. Soil and planting 
Soil, as previously described, was divided into 1000 g samples 
and placed in plastic flower pots. Seven bean seeds were added to each 
pot and thinned to five plants after the initial week of growth. 
C. Amendments and arjplication 
Diazinon, Fusarium and Arthrobacter V7ere applied in various 
combinations. In the application of Diazinon the aqueous slurry 
previously described vjas used, in order to ensure uniform distribution. 
Ten ml of 5-day cultures of Fusariu^.. / -throbacter groxvai in peptone- 
glucose broth were added directly co cue soil at various intervals from 
•the time of the planting of the beans until the terraination of the 
experiment. 
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D- Incub-? ti onr.! condi tions 
‘Ihe plants v:cre gro^.Ti in a greenhouse at a maintained tempera¬ 
ture of 70° F. The pots v;ere usually watered every other day depending 
on \ceather conditions. No attempt was made to govern environmental 
factors such ,as humidity or light conditions. 
E. Evaluation of prophylactic effects 
Evaluation of the effects on the plants of the various treat¬ 
ments was made by visual inspection. Infectivity of Risarium was 
recorded in terms of the presence and number of lesions at the crown 
and on the stem or signs of leaf or stem V7ilt. The effect of Diazinon 
on the plant was assessed by its general appearance, color, turgor, 
necrotic symptoms and explicitly by the measurement of the internodc 
distance between the first and second nodes. 
Results 
Fusarium Oxysporium _f. phaesoli produced disease symptoms only 
after direct wounding of the plant stem and subsequent inoculation 
into the i-x>und xcith Fusarium. Under no conditions did the fungus 
infect healthy plants. Inoculation of the soil prior, during, end 
after planting were tried with little success. Attempts were made to 
increase its virulence by growth in a medium made up of autoclaved plant 
leaves. Good mycelial growth V7as observed under these conditions. 
However, even xcithout disease symptoms there appeared to be a profound 
difference between the Diazinon treated plants and those that were 
serving as controls. 
Since the preliminary studies had shovn that fairly high concentra¬ 
tions of Diazinon wwuld be necessary to inhibit Risarium, the plants 
26 
vcre subject to C-1000 ppm of the insecticide. As may be seen in 
Figures 10 3nd 11, plants treated xdth as little as ICO ppm grew much 
shorter, had thicker stems, while their leaves were greener and more 
vrrinkled than were the controls. The treated plants also had a lower 
germination rate. Upon investigation of this effect, it was observed 
that the amount of stunting was directly proportional to the dosage of 
Diazinon applied to the soil at the time of planting. A second experi¬ 
ment in which each test group contained 20-30 plants was run to test 
for the statistical significance of the chemical effect on the inter¬ 
node distance. It was shov/n that even a concentration as low as 50 ppm 
had a distinct effect upon the plants. The intemode distance between 
the first and second node dropped from 5.9 cm in the controls to 4.7 cm 
at applications of 50 ppm down to 2.0 cm at 1000. These results are 
shown in Figure 11. 
Plants xcere harvested after 10 weeks at vjhich time the pods were 
fully formed. It x^jas noteworthy that although the inverse relationship 
betx-7een plant height and Diazinon application was sustained, the largest 
bean pods on the other hand were present on plants treated x«7ith 150 ppm 
of Diazinon. Higher concentrations of Diazinon reduced pod size 
suggesting the impairment of some growth regulatory mechanism. It 
should also be noted that from the fourth to the tenth week of growth 
the bean plants were subjected to an attack of red spider. Plants 
receiving Diazinon at all levels were more immune to insect attack 
than controls regardless of physiological change such as stunting 
(Figure 12). It might be adduced, therefore, that the Diazinon effect 
on any given ecosystem is a complex one involving multiple panameters. 
27 
Figure 10. Decrease in bean 
dosage of Diazinon at 21 days. 
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Figure 11 
Stunting of Bean Plants as Measured in 
First Internode Length Based on the Average of 20-30 Plants 
6 — 
A
v
e
ra
g
e
 
P
o
d
 
L
e
n
g
th
 
in
 
29 
Figure 12 
Average Bean Pod Size After Plants 
were Accidently Infected with Red Spider 
t: 
o 
ppm of Diazinon Applied 
IV. STUDIES IN THE MICROBIAL DEGRADATION OF DIAZINCN 
Mfitorl fll 8 ant1 Mcthocla 
Since it waB conceivable that the soli mlcroflora waa Influenced 
I 
by the products of Diazlnon desrudntion as v/cll na by the parent com- 
pound, atudlca vere undertaken to determine whether auch biological 
disnlmilation did occur and to characterize these metabolic inter¬ 
mediates. 
A. Culturea 
A bacterial isolate, labelled J-6, from soIIh previously treated 
v;ith Diazinon was tested in an initial aeries of experiments. It v/as 
found to be o polarly flagellated gram negative rod obtained by soil 
dilution and was identified as belonging to the genus Faendomonos. J-6 
it 
was isolated by the addition of Diazinon treated soil to Morris medium 
containing Diazinon as the sole carbon source. After three weekly 
transfers, J-6 appeared as the predominant population in the enrichment. 
The culture was maintained on nutrient agor slants end was grovn in 
nutrient broth shake culture at 28° C when needed for inoculation. Two 
other cultures, an Arthrobacter sp. and a Strcptomycc sp. were provided 
by Dr. H. C. Gunner as populations arising in an ecological sctiucnce 
in Diazinon treated soil. 
Teat for ^liberation 
Cultures were grovn for three weeks as previously described. 
Tliey v/crc harvested by centrifugation in a refrigerated centrifuge 
(3orv.;ll r.C-2) at 15,000 rpm for 15 minutes. They were then washed 
i. 
Sec Appendix A. 
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three, times T\lth .02 M phosphate buffer in order to eliminate residues 
of the i.atricnt broth ^rovith medium. They \-;ere then transferred into 
125 ml Silenmcyer flasks containing 20 ml phosphate buffer and ring 
14 
labelled, C - Diazinon. They vsere diluted in ethanol and standardized 
to 200-300 counts per minute. The flasks vere fixed into a closed 
system vrhereby sterile air was dravn through the medium by means of a 
Zero-Max peristatic pump. The gases emerging from the system were 
babbled through a Ba (OH)^ trap which converted the carbon dioxide, 
produced by the bacteria into an insoluble precipitate, Ba C0o» At 
predetermined intervals the Ba C0„ was suction-filtered onto a piece of 
filter paper and then placed on a planchet. The planchets were placed 
in a micromil ultrathin windovjless gas flow counter (Nuclear-Chicago) 
in order to measure the radioactivity of the precipitate, the parameter 
14 
for the bacterial capacity to convert the labelled Diazinon into CO^- 
C. Diazinon degradation in ^ro^'ing cultures 
Cultures of Isolate J-6 were grown in nutrient broth for 7 days 
/ 
and washed in .02M phosphate buffer. The washed cells were transferred 
to 125 ml Erylmeyer flasks containing either phosphate buffer or Morris 
medium, each with C ring-labelled Diazinon, as previously defined. 
Glucose 1% and peptone broth, 17., v-ere added in certain experiments. 
The flasks, once inoculated, were placed on a Gyrotory shaker (New 
Brunswick Co.) for 7-14 days at 2S° C. At the end of the incubation 
period, the cells xrere spun down as before and tested for radioactivity. 
The supernatant of each flask was saved and extracted in a separatory 
funnel by 3 washings vn th twice its volume of dicthylether. Tne ether 
fraction plus the remaining aqueous fraction vere then concentrated on 
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a rotatory evaporator at roo:n temperature at reduced atm.ospheric pres¬ 
sure. Til^ samples v.-ere reduced to approximately 1.0 ml in order to be 
sufricicr.tly concentrated for thin, layer chromatographic analyses. 
2. T!iin layer chromatoyraphy 
Glass plates vere coated with Adsorbosil (Applied Science 
Laborstor>0 to a thickness of 250 u and then activated Tn an oven at 
125^ C for one hour. The samples were spotted in 100 ul quantities 
approximately one inch from the bottom of the plate. Two different 
solvent systems were used in order to avoid the possibility that one of 
the metabolites might have the same R^. as Diazinon. The first solvent 
system consisted of 4:1 K-butanol-acetone, wfiile the second -was con¬ 
stituted of chloroform \d.th .05% ethyl alcohol (a stabilizer). The 
plates vere then run in sealed glass tanks v:hich had been pre-saturated 
with the solvent in order to avoid evaporation. The plates were 
removed from the glass tanks when the solvent front came within half an 
inch of the top of the plate. 
F. Detection cf Diazinon and its Hstaboliter 
The plates were placed in light-proof boxes with Eastman no- 
screen medical x-ray film covering them and allowed to stand for 4-7 
days. After this period, the film was removed in the dark room and 
developed in x-ray developer (Eastman Kodak) and fixed with x-ray 
fixative (Eastman Kodak) after V7hich the film was washed for two hours 
14 
in running "water. From these x-ray films any portion or the C ring- 
labelled molecule, with which it had been in contact on the TLC plate, 
coulc be located by a dark spot on the film. The TLC plates were then 
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sprayed x-jith amaionium palladium chloride' a developer specific for the 
detection of P“S bonds which provide a yeiloxc spot if present. 
Results 
From the results in Table 3, it mil be observed that the Pseudo¬ 
monas, J-6, v;as capable of a limited conversion of the ring-labelled 
Diazinon to ^^2* That this xjas intrinsic to its growth may be seen 
from the limited conversion obtained in the phosphate buffer and the 
maximum transformation in the presence of glucose and mineral salts. 
It vjas apparent, too, that an extended period of adaptation xc-as 
necessary for the degradation of the Diazinon molecule to take place 
and this was reflected in the sloxj progression of the counts as they 
increased from 2-14 days. 
The results in Table 4 show unequivocally that the changes in the 
Dizainon molecule were, in fact, largely biological. Thus, controls 
incubated from 0-7 days showed 10 and 12% of the radioactivity remaining 
in the supernatant after ether extraction whereas in the presence of the 
microorganisms the percent of radioactivity reamining rose to 39% and 
reached a maximum of 50% x^7hen the Streptomyces and Arthrobacter were 
incubated together. This is to say that in the presence of these 
organisms substantial fractions of Diazinon were converted to new water 
soluble moieties different from the parent molecule, whereas chemical 
changes could not effect this transformation. 
A detailed analysis of the ether soluble fraction of Diazinon 
residues is presented in Figures 13 to lo. Figures 13 and 14 demon- 
•fc 
See Appendix A. 
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strate that Diazinon standards developsd in different solvent systems 
provide substantially different The parent compound after ether 
extraction in chloroform had an R of :45; in butanol acetone the R was 
F F 
.85. It XJ3S si3nificant that in both treatments secondary spots 
appeared aft^r 14 days which carried the radioactive label. In the 
aqueous phase no ?=S faction appeared. In the ether extractable phase 
the P»3 group was present suggesting the effective hydrolytic action of 
v;ater upon this molecule, v?hich wrjuid* be in accord with the evidence of 
Gysin (1956). 
In Figures 15 and 16 can be noted the significant change imposed 
on the molecule when incubated with isolate J"6. In conformation vnth 
14 
the level of CO^ previously obtained tvxj products of degradation 
appear when the organism is incubated with only phosphate buffer. The 
14 
maximum CO^ previously achieved is paralleled by the appearance of 
three metabolites when the organism is grox-jn in a glucose amended salts 
medium. In the presence of peptone and Morris medium only tx<o breakdox^ 
products xcere in evidence. The results in Figure 16 suggest a dis¬ 
tinctly different pattern for Diazinon metabolism within the cell than 
that reflected in fragments released in the culture supernatant. In 
this development system (chloroform) little indication is provided of 
a differential response to the substrates in the growth medium. Hov;ever, 
striking indications are provided that metabolism of Diazinon is, in 
fact, taking place within the cell. 
35 
Table 4 
Microbial 
/ 
Degradation of Ring-labelled Diazinon 
* 
Counts Per Minute 
% of radioactivity 
remaining in 
Treatment s 
Original 
upematant 
Ether extracted 
supernatant 
supernatant after 
ether extraction 
Imrnedi ate 
extraction 343 34 10% 
Extraction after 
7 days 174 21 12% 
Isolate J-6 extracted 
after 7 days 203 94 46% 
Streptoinyces sp. 
extracted after 
7 days 366 134 39% 
Arthrobacter sp. 
extracted after 
7 days 327 144 44% 
Streotcmyces and 
Arthrobacter 
incubated together 
extracted after 
7 days 347 172 50% 
>v 
Corrected for ba ckground. 
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Table 5 
14 
Metabolism of C Ring-labelled Diazinon by 
a Pseudomonas so. 
14 * 
€©2 Counts Per Minute 
Treatment 2 days 7 days 14 days 
J-6 in phosphate 
buffer 3 2 5 
J-6--l% glucose in 
Mirris medium 0 0 19 
peptone in 
Morris medium 2 3 8 
Control 1 
t 
9 2 
0% 
Corrected for background. 
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Legend for Figures 13 and 14 
1 - Standard radioactive Diazinon in ether 
2 - Standard radioactive Diazinon in ethanol 
3 - Standard radioactive Diazinon in phosphate buffer immediately 
extracted, ^7ith ether 
4 - Standard radioactive Diazinon in phosphate buffer and allowed 
to incubate for 2 days on a rotatory shaker 
5 - Standard radioactive Diazinon in phosphate buffer and allov7ed to 
incubate for 2 weeks on a rotatory shaker 
/ 
Figure 13 
Diazinon Standards Developed in Chloroform 
38 
Radioactive 
Ammonium-palladium- 
chloride sensitive 
Radioactive 
Ammonium-palladium- 
chloride sensitive 
•»... 
O O 
Origin 
O 
Diazinon Standarus Developed in Butanol: Acetone 4:1 
_ ^ Radioactive 
Amnonium-palladium 
chloride sensitive 
Radioactive 
Ammonium-palladium 
chloride sensitive 
o o 
r < 
--' • 
Origin 
o o o o o 
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Legend for Figures 15 and 16 
** 0 
1 - Standard radioactive Diazinon in ether 
2 “ Standard radioactive Diazinon in phosphate buffer with J-6 
3 ~ Standard radioactive Diazinon in phosphate buffer with glucose 
and J-6 ^ 
4 - Standard radioactive Diazinon in phosphate buffer with peptone 
and J-6 
5 - Standard radioactive Diazinon extracted from centrifuged J-d 
pellet by acetone 
A1 
Figure 15 
Tain Layer Chromatograph of Diazinon Incubated 
with Isolate J-6 for 14 Days Developed in Chlorofonv. 
'Radioactive 
Ammonium-palladium- 
chloride sensitive 
Radioactive 
Ammonium-palladium- 
chloride sensitive 
Origin 
o o o o 
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Figu re 16 
Tl-iin Layer Chromatograph of Diazinon Incubated 
vith Isolate J-6 for 14 Days Developed in Butanol: acetone 4:1 
1 
Radioactive 
Amrnoni um- p a 11 a d i um 
chloride sensitive 
Radioactive 
Amrr.oni um- palladium 
chloride sensitive 
Origin 
O O o o 
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Discussion 
Froi:; the investigations desci-ibcd, the significant fact emerges 
that Diazinon exercises a pronounced selective effect on the soil micro- 
flora. Initially there is an apparent increase in the numbers of micro¬ 
organisms until a maximum is reached vithin some four weeks. However,- 
this increase in total numbers masks the selective stimulus of specific 
populations. The number of actinomycetes and fungi were greatly reduced 
while an enormous burst occurred in a polysacchoride producing rod. These 
results parallel the report by Gunner _et al (1966) who noted that under 
similar circumstances a population of Arthrobacter became the dominant 
microbial form which in time V7as superseded by a population of Strepto- 
mvces. Soil conditions, therefore, would appear to be a determinant as 
to which population will dominate in the given ecosystem by establishing 
the outer limits of the population spectrum supportable in that system. 
Within it Diazinon may exercise an explicit selective role. 
The actual machinery of Diazinon selectivity has to some extent now 
been clarified. Toxicity tests indicated that the predominant fungal forms 
in the soils under test conditions were highly sensitive to Diazinon 
applications. Fusarium on the other hand was not. One might speculate 
from this that Fusarium not being indigenous to the ecosystem was not 
subject to other environmental influences which rendered the native 
fungal flora susceptable to Diazinon toxicity. Such a mechanism of sus- 
ceptability was indicated when Fusarium, in the presence of Arthrobacter, 
an organism responding favorably to Diazinon, was then also restricted by 
Diazinon. Moreover, solubilizing Diazinon in the presence of Arthrobacter 
rendered it even more effective in suppressing the Fusarium. 
If the foregoing suggests that complex soil**microbe interrelations 
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must be identified in order to account for ecological changes, the 
presence of the host plant ados an additional dimension. Throughout 
these experiments concentrations of Diazinon were employed surpassing 
those which might be anticipated for usual field applications. These, 
however, permitted observations on potential contributory reactions from 
the host plant itself to disease resistance. Even at lov; concentrations, 
50 ppm Diazinon, a pronounced shift in the plant grov;th pattern was 
observed. The fact that Diazinon is knowTi to be translocated through 
the plant system and exuded in the root excretions. Gunner ^ ^ (1966), 
v?ouid also appear to render the plant a formidable contributor in 
changing the ecological pattern of the soil microflora. 
The changes induced in such microbial ecosystems cannot be, however, 
adduced to the presence of the parent Diazinon molecule, alone. It has* 
been demonstrated that with as little as two weeks substantial degra¬ 
dation of the molecule occurs. In the soil, however, peak numbers of 
selected microorganisms were not reached until four weeks which would 
indicate that fragments of Diazinon were as effectively involved in 
promoting change as was perhaps the original application of Diazinon. 
Analyses of these degradations products showed notably that the 
greater proportion v:as retained within the microbial tissue than \70.s 
14 
released in cultural supemants. Tae small amount of CO^ liberated 
would also confirm that Diazinon may, to a significant extent, be 
incorporated into cellular substance. Thus, microorganisms capable of 
ingesting Diazinon may be providing an effective detoxifying mechanism 
by removing the molecule from tne environment and releasing it only 
ultimately with their deaths in an innocuous form. Such a possibility 
45 
vrould appear to merit further investigation as wuld the conclusive 
identification of Diazinon degradation products now knovjn to be 
released by microorganisms into their environment- 
9 
c, 
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Appendix A 
Media 
Glycerol agar 
Glycerol 10 o o 
Sodium asparaginate 1 O' o 
K^HPO^ i o o 
Agar (Eacto) 15 <y o 
Water 1000 ml 
Soil Extract Agar 
Glucose 10 Cr o 
K^KPO^ .5 a o 
Soil extract 100 ml 
Agar 15 s 
Tap vater 900 ml 
Peptone glucose agar 
Glucose 10 S 
Peptone 5 S 
K^HPO^ 1 g 
MgSO^ .TH^o .5 O o 
Agar 20 g 
Water 1000 ml 
Nutrient Agar 
Nutrient Broth 8 a o 
Agar 7 15 g 
Water 1000 ml 
\ 
A9 
Modified Morris Media 
K^HFO^ - 7 s 
KH,P0, “ 3 3 
KNC^ - 2 g 
V 
KgSO^ . - 0. 
FeClj - .01 g 
CaCl^ 1 t 0
 
00
 
H2C - 1000 ml 
Trace salts .2ml of folloxsring 
H^EO^ . - 2.8 3/100 ml 
MmCL^ .AH^O 
CUSO^ .5H2O 
NaiMoO^ 
CcCL^ •6H^0 
ZnSO .2H 0 
1.86 g/100 ml 
0.20 3/100 ml 
0.75 g/100 ml 
0.37 g/100 ml 
0.25 g/100 ml 
solution 
Sprays 
Palladium-ammonium-chloride 
.5 g palladium-ammonium-chloride and 2 ml of concentrated HCL in 98 ml 
of distilled water 


